Flavonoids, a group of polyphenolic compounds, exist naturally and serve as antioxidants in vegetables, fruits, and so on. The inhibition of low density lipoprotein (LDL) oxidation may be an effective way to prevent or delay the progression of atherosclerosis. In the present study, we analyzed the radical scavenging capacity of 10 flavonoids (catechin,
Flavonoids have antioxidant properties (1) and have been reported to prevent the development of free-radi cal-induced diseases, including forms of cancer (2) , coronary heart disease (CHD) (3) (4) (5) , and gastric mu cosal injury (6) .
Oxidized low density lipoprotein (LDL) is considered to be an important risk factor in the atherogenic pro gression of cardiovascular disease (7) . Oxidized LDL can attract monocytes into the arterial wall where they can be transformed into macrophages-the precursors of foam cells, leading to the formation of early atheroscle rotic lesions (8, 9) . Protection against LDL oxidation is critical in the prevention of the initiation and progres sion of atherosclerosis.
We previously reported that red wine and cocoa, which contain dietary polyphenolic components, inhib ited LDL oxidation (10, 11) . These antioxidant foods are enriched in various types of flavonoids such as catechin and quercetin. In the Zutphen Elderly Study (5) , quercetin, kaempferol, myricetin, apigenin, and luteolin were compared as dietary antioxidant flavonoids. It is still unclear, however, which flavonoid has the most beneficial effects in preventing LDL oxidation.
Previous studies in vitro have demonstrated that the fl avonoids act as hydrogen-donating free radical scav engers, and their function is dependent on their struc tural properties (1, 12, 13) , of which there are three key features: 1) the o-dihydroxyl (catechol) structure in the B ring, which confers higher stability to radical form; 2) a 2,3-double bond in conjunction with the 4-oxo function in the C ring, which is responsible for electron delocalization; and 3) the 3 and 5-hydroxyl groups re sponsible for maximal radical scavenging power.
The aim of the present study was to determine the antioxidant power of flavonoids against aqueous radi cals and lipophilic radicals. In this study, we examined the antioxidant capacity of 10 structurally related fl avonoids by measuring their free-radical-scavenging * E -mail: rhirano@me.ndmc.ac.jp Abbreviations: LDL, low density lipoprotein; EC, epicate chin; EGC, epigallocatechin; ECg, epicatechin gallate; EGCg, epigallocatechin gallate; DPPH, 1,1-Biphenyl-2-picryl-hy drazyl; AMVN-CH3O, 2,2'-azobis(4-methoxy-2,4-dimethyl valeronitrile); a-toc, a-tocopherol; BCA, bicinchonic acid; EDTA, ethylenediaminetetraacetic acid; PBS, phosphate buffered saline; AAPH, 2,2'-azobis(2-amidinopropane)dihy drochloride. drawn to the lag and propagation phase of the ab sorbance curve at 234nm and was expressed in min.
The propagation rate of conjugated dienes was esti mated from the linear portion of the curve, using the extinction coefficient for conjugated dienes at 234nm (29,500L/mol/cm) (18) . for LDL oxidation was determined as shown in Table 1 To analyze the correlation between the trapping abili ties of flavonoids for aqueous phase and lipid peroxyl radicals, we plotted the values of IC50 scavenging DPPH radical against LDL oxidation lag time obtained in Fig. 3 and Table 1 , respectively. Luteolin scavenges lipid per 
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The present study demonstrated that all the flavo noids except luteolin and apigenin (flavones) can effec tively donate an electron to DPPH radical and that fl avonoids inhibit azo radical-initiated LDL oxidation and regenerate a-toc radical to a-toc. This effectiveness Belinky et al. (26) have reported that the DPPH assay and oxidation potential (Epl/2) correlated with Cu2+ -induced and macrophage-mediated LDL oxidation in the presence of flavonoids. In agreement with these data, a good correlation was found between the DPPH assay data measured as an electron-donating test and the oxidation lag time, with the exception of luteolin (Fig. 5) . Luteolin failed to donate an electron to DPPH, but showed the highest antioxidant activity in the LDL oxidation system for reasons still unknown. Further studies will be needed to investigate why luteolin be haves quite differently in the two assay systems.
We have previously reported that the shortened lag time induced by a high dose of a-toc is recovered in the presence of ascorbate (17) . Several reports have shown that a high dose of a-toc is prooxidantive during the au toxidation of polyunsaturated fatty acids (27) . Vitamin E leads to an increase in conjugated dienes concur rently with the formation of a propagation phase and results in a shortening of the oxidation lag time in LDL. In the experiment on the interaction between a-toc and fl avonoids, we used catechin and EGCg as flavonoids be cause we are easy to ingest them with a-toc in our daily diet. As a result, flavonoids and ascorbate were both found to restore a-toc radical or to delay the consump tion of a-toc (Tables 2 and 3) . Our results on the inter action between a-toc and flavonoids are supported by a report from Viana et al. (28) , using flavonoid-rich ex tracts. The cooperative effects of flavonoids and ascor bate have been recognized by Mathiesen et al. (29) and Skaper et al. (30) , who described that ascorbate-pro tected flavonoids from oxidation. It thus seems very likely that the interaction between lipophilic and aque ous antioxidants within the body increases LDL resist ance to oxidation.
In conclusion, the present study showed that the an 
